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Abstract: Global narratives around the links between deforestation and agricultural commodity pro-
duction have led to the application of voluntary zero-deforestation agreements between companies,
governments, and civil society. The continued tropical deforestation warrants a re-examination of
this approach in order to customize its application for a particular location. Our paper contributes to
this by exploring the spatial associations between deforestation and the production of cacao, coffee,
and oil palm in the Amazon region in Peru. The geographical overlaps between deforestation, and
the distribution of these commodity crops, indicate four types of spatial associations: (1) a high
degree of deforestation and a high degree of commodity production (high-high); (2) a high degree of
deforestation and a low degree of commodity production (high-low); (3) a low degree of deforestation
and a high degree of commodity production (low-high); and (4) a low degree of deforestation and a
low degree of commodity production (low-low). On the basis of these associations, we present four
scenarios in which zero-deforestation supply chain interventions may operate in Peru and argue
that broadening the perspective of such interventions by adopting a global value chain lens can
improve the use of previously deforested lands, prevent unintended or future deforestation and, in
turn, ensure that no forest area is left behind.
Keywords: agricultural commodities; supply chains; Peruvian Amazon; Zero-deforestation; value
chains; climate action
1. Introduction
Agriculture represents the leading driver of tropical deforestation [1] and contributes
16–27% to the total anthropogenic greenhouse gas emissions worldwide [2]. Within the
last two decades, two major policy tools have emerged to protect tropical forests, based
on the prevailing global narratives of what drives deforestation. REDD+, short for “re-
ducing emissions from deforestation and forest degradation and the role of conservation,
sustainable management of forests and enhancement of forest carbon stocks in develop-
ing countries,” is one of them [3]. Government-driven and donor-supported, REDD+
mechanisms seek to address deforestation mainly due to low-opportunity-cost agriculture.
They do so by providing developing countries with financial rewards for undertaking
measurable and verifiable actions to reduce deforestation, known as “results-based pay-
ments” [4]. Zero-deforestation supply chain (ZDSC) initiatives are another policy tool.
They encompass actions stemming from commitments that corporations have made to
Sustainability 2021, 13, 12138. https://doi.org/10.3390/su132112138 https://www.mdpi.com/journal/sustainability
Sustainability 2021, 13, 12138 2 of 17
eliminate deforestation along their supply chains [5]. The perspective of ZDSC initiatives
may need to be broadened because they address emissions linked with international, but
not domestic, markets, and because of the political nature of the actions taken to reduce
deforestation [6]. This could be done by incorporating concepts from the literature on
global value chains (GVC). Doing so would maximize the potential multiple benefits of
zero-deforestation actions.
The formalization of voluntary zero-deforestation agreements between companies,
governments, and civil society organizations embodies a forest conservation action that
uses a supply chain approach [7]. These agreements mainly target deforestation from
the production of agricultural commodities, including cocoa, coffee, and palm oil. De-
spite the potential of REDD+ and ZDSC initiatives to reduce deforestation, some scholars
note the challenges of using these tools. In the case of REDD+, interventions require an
integrated conservation and development approach, which has come to be viewed as
a failure [8]. In the case of ZDSC initiatives, substantial challenges remain, despite the
rapidly growing number of commitments [9] and promising results [10,11]. For instance,
they can marginalize key forest conservation actors, such as smallholders and indigenous
peoples [12]. Furthermore, to make gains on zero-deforestation efforts, scholars have rec-
ommended broadening their scope and impact by involving more companies, commodities,
supply chains, and regions, and combining them with jurisdictional approaches [5,13,14].
This would prevent “leakage”, a situation where deforestation and forest degradation in
one location increases because of an environmental policy or activity in another location.
For instance, the implementation of strict environmental policies in one region can lead
agricultural commodity producers to seek areas where the given policy is not enforced,
and where the supply chain has not yet caused significant damage to forest areas [5,15–17].
The unabated unsustainable loss of tropical forests [18] backs the scholarly assessment. Yet,
insights on how best to apply ZDSC interventions, and combine them with other policy
instruments, are, to the best of our knowledge, still missing.
Most private sector commitments, and the related research, focus on regions where
there is a clear link between specific commodities and deforestation. Examples include beef
in Brazil, palm oil in Indonesia, and cocoa in Ghana and Côte d’Ivoire. Where linkages are
clear, initiatives may benefit from mechanisms that allow stakeholders to trace, monitor,
and assess the processes of producing commodities because they can clarify whether or
not these processes cause forest loss [19]. Clear linkages, in turn, can inform the design of
sanctions or incentives that encourage producer compliance [20]. For instance, producers
whose practices comply with zero-deforestation criteria may benefit from a better market
position and premium prices [21]. These criteria are key to tracking the progress of these
initiatives and reinforcing their impacts on the ground. The role and implementation of
ZDSC interventions in regions with complex links between deforestation and commodity
production expansion are, however, less clearly understood.
The emerging literature suggests that integrating GVC and ZDSC concepts has the
potential to fill in the gaps in the understanding of the complex links between deforestation
and commodity production [22]. The GVC approach entails analyzing how and why
leading firms and their suppliers undertake actions that allow them to gain more from
global production systems in a way that reduces or avoids deforestation [23]. In this case,
the analysis could focus on value chains involving forest-risk agricultural products, and
on the actions of small-scale farmers and other relevant suppliers so they can be more
profitable and have access to markets without causing forest loss. While the discourse
around supply chain management focuses on how to manage relationships in order to
serve customers and boost the chain’s competitive advantage [24], the GVC framework
looks at how supply chains are governed, that is, who wields power within the chain, and
how they wield it to create value for customers [25]. This focus on power is consistent
with the political nature of actions on reducing deforestation, which is a limitation of
ZDSC initiatives.
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Within forest-agriculture landscapes, interlinkages between land and food systems
may present pathways toward land use change. Agricultural commodity production
could expand into primary forest areas; alternatively, it could transform underutilized or
underperforming land, such as abandoned cropland, degraded land, pasture, and fallows,
or replace illegal land use, such as illicit crop cultivation [17,26]. For instance, in conflict-
affected countries, governments could assimilate agricultural commodity production into
a wider peacebuilding strategy, such as in the case of Colombia [22]. Meanwhile, in the
Peruvian Amazon, cacao, coffee, and oil palm production have become pillars of the
efforts to end illicit coca cultivation [27,28]. Boosting the effectiveness of zero-deforestation
initiatives, therefore, requires combining policy instruments and applying them according
to the existing associations between deforestation and agriculture in a certain country
or region [29–32].
This raises the question of how best to apply ZDSC interventions and combine them
with other policy instruments. Rather than assessing how ZDSC interventions may affect
deforestation dynamics, in this paper, we attempt to answer how best to apply ZDSC
interventions in countries where small-scale subsistence agriculture is reported as the main
driver of forest loss instead of large-scale commodity production. We respond to that
question by, first, providing an overview of the geographical distribution of both defor-
estation and cacao, coffee, and oil palm production in the Peruvian Amazon. Second, we
present the results of the spatially explicit analyses on the extent of the association between
deforestation and commodity crop production in the Peruvian Amazon. Third, on the basis
of these associations, we present different scenarios in which ZDSC interventions may
operate in Peru. Finally, we discuss how on-the-ground zero-deforestation interventions
may combine existing land- and incentive-based approaches and tools and argue for their
integration with concepts from the GVC literature so that efforts to reduce deforestation
can make more significant gains.
2. Materials and Methods
2.1. The Case Study
We chose Peru as our case study because what is happening there exemplifies a sit-
uation where a review of zero-deforestation initiatives could be useful. A megadiverse
nation that continues to lose its natural forest areas [33], Peru has developed a national
REDD+ strategy [34]. In 2014, the governments of Peru, Germany, and Norway signed a
declaration of intent (DOI) to support REDD+ efforts in the South American country [35].
The DOI enjoins the establishment of a public-private coalition with multinational com-
panies committed to ambitious zero-deforestation policies, focusing on the design and
implementation of the Nationally Appropriate Mitigation Action (NAMA) practices for
the sustainable production of cacao, coffee, biofuels, agrofuels/agroindustry, and cattle
ranching, improving the use of lands already deforested, and avoiding new conversions of
forest to agriculture. The stipulation calls for a supply chain approach and, thus, suggests
links between high-value commercial agriculture and deforestation in Peru. It prompts the
question as to how commodity production relates to deforestation in the Peruvian Amazon,
as well as what role ZDSC initiatives could play in a country where subsistence agriculture
and commodity production meant for the domestic market are reported as the main drivers
of forest loss [36,37].
The study focused on the Peruvian Amazon lowland and all forested areas along the
eastern flank of the Andes. We used the Peruvian Amazon district boundaries—365 districts
within 15 departments—as the spatial units of analysis (Figure 1).
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Figure 1. Peruvian Amazon study area. The above map depicts deforestation at the district level for the period 2013–2018.
Data were obtained from the Peruvian Ministry of the Environment, or MINAM [38].
The Peruvian Amazon continues to have vast areas of pristine forests. Deforestation
rates in the Peruvian Amazon, however, almost doubled between 2001 and 2018, although
they varied considerably at the department and district levels (Figure 2). Most of the
deforestation occurred in the San Martín, Loreto, Ucayali, and Huánuco departments. San
Martín had the highest deforestation rates between 2001 and 2011, while Ucayali and Loreto
have had the highest in recent years. The Huánuco, Pasco, and San Martin departments
also had considerable forest area loss during the analyzed period. In contrast, deforestation
r tes were comparably low in the Huancavelica, La Libertad, Piura, Ayacucho, Puno, and
Cajamarca departments.
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is, by contrast, not significant. 
Figure 2. Deforested area from 2001 to 2018 by department. Red indicates higher deforestation values, while green indicates
lower deforestation values. Multiply the color bar values by 10,000 to obtain the deforested area in hectares.
The Ucayali, Huánuco, and Junín departments had particularly high deforestation
(Figure 1). At the district level, from 2013 to 2018, the ext nt of deforestation ranged from
arou d zero to around 30,000 hectares among distri ts located in Peru’s central region.
In contrast, most districts in the north and south experienced less deforestation, except
Inambar, which is located in Madre de Dios, in the country’s south.
2.2. Caca , C ffee, a d Oil Palm Production i Peru
For consistency throughout this section, we use “cacao”, “coffee”, and “oil palm” to
refer to commodity crops cultivated or produced in the analyzed spatial scales. Although
defined in the above-mentioned DOI, we excluded cattle ranching from this study because
of limitations in accessing complete datasets.
The areas cultivated with cacao, coffee, and oil palm at the department level, for the
period from 2013–2018, show marked differences between the departments (Figure 3).
San Martín stands out for having the largest area cultivated with ll th ee crops. Coffee
production is the most extensive activity in Amazonas, Cajamarca, Cusco, and Junín. The
total area cultivated with the three crops in La Libertad, Huancavelica, Piura, and Puno is,
by contrast, not significant.













Figure 3. Average cultivated r a of cacao, coffee, and oil l between 2013 and 2018 by department. Data were obtained
from the Peruvian Ministry of Agriculture and Irrigation [39] and National Institute of Statistics and Informatics [40].
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The spatial distribution of the commodity production areas at the district level shows
that cacao (215 districts) and coffee (259 districts) cultivation is present in most of the
365 Amazon districts (Figure 4). Oil palm cultivation, meanwhile, is only present in
21 Amazon districts in central Peru. Cacao cultivation is mainly concentrated in San
Martín, Cusco, Junín, Amazonas, and Huánuco. Some of the main coffee cultivation areas
are located in San Martín, Junín, and Cusco. Oil palm is cultivated only in a few districts
within San Martín, Ucayali, Loreto, and Huánuco.






























with cacao and coffee  in Ucayali and Junin; and  low  to moderate correlations between 
deforestation and the areas cultivated with at least two commodity crops for most of the 
Fig re 4. a s i t e istri ti f a era e c lti ate areas f caca (a), c ffee ( ), an oil pal (c) bet een 2013
and 2018, by district.
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il l ti , t ’ l ti l i . e
[ ] t e avera area
t , ]. s ti l l r s :
, ( ) t t l l . etter ersta t e associatio
f r st ti and the production of these commodity crops in the Peruvian
Amazon, we examined the patterns of spatial clustering, or positive spatial
the bivariate local Moran’s I sta stic, also known as local indicat r of
spatial association [41]. Specifically, w examined the spatial clustering f t ti
i t t r cr s at the district level usi the datasets fro
I [38], I EI [40] and MINAGRI [39]. Finally, we generated a Moran’s cluster map to
characterize spatial associations between the average deforestation area in a given district,
and the average commodity production area in its neighboring districts.
3. Results
3.1. Correlations between Deforestation and the Area Cultivated with Cacao, Coffee, and Oil Palm
in Peru
At the Amazon level, we found low to moderate correlations between deforestation
and the area cultivated with cacao (ρ = 0.46), as well as low correlations between deforesta-
tion and the areas cultivated with oil palm (ρ = 0.31) and coffee (ρ = 0.18). On the basis
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of the correlation analysis at the department level, we found large differences between
the correlation coefficients across departments and crops (Table 1). There were significant
correlations between deforestation and the areas cultivated with the three commodity crops
solely in San Martín; a high correlation between deforestation and the areas cultivated with
cacao and coffee in Ucayali and Junin; and low to moderate correlations between defor-
estation and the areas cultivated with at least two commodity crops for most of the other
departments. We also observed statistically significant correlations between deforestation
and the area cultivated with cacao in nine of the fifteen departments, with the highest
correlation coefficients found in Pasco (0.75), Ucayali (0.72), and Madre de Dios (0.66).
Correlations between deforestation and the areas cultivated with coffee were statistically
significant in eight departments, while a low correlation coefficient (0.19) was found at
the Peruvian Amazon basin level. We found the highest correlation coefficients associated
with deforestation and coffee cultivation in the departments of Ayacucho (0.88), Ucayali
(0.76), and Puno (0.74). Low to moderate correlations between deforestation and the areas
cultivated with oil palm were found in two of the four departments where the crop is
present: Loreto (0.35), and San Martín (0.38).
Table 1. Spearman’s rank correlation coefficients for associations between deforestation areas and
the areas cultivated with cacao, coffee, and oil palm between 2013 and 2018. Amazon Region ρ is the
Spearman’s rank correlation coefficient for all districts in the Peruvian Amazon, whereas department
ρ is the Spearman’s rank correlation coefficient for all districts within defined departments. Values
assigned constitute significant correlation coefficients at the 0.05 level or lower.
Department Districts (#) Cacao Coffee Oil Palm
Amazonas 83 0.39 0.55 NA
Ayacucho 7 not sig. 0.88 NA
Cajamarca 19 not sig. 0.68 NA
Cusco 18 0.48 not sig. NA
Huancavelica 4 NA NA Na
Huanuco 25 0.55 not sig. not sig.
Junin 27 0.6 0.72 NA
La Libertad 3 NA NA NA
Loreto 47 not sig. not sig. 0.35
Madre De Dios 10 0.66 not sig. NA
Pasco 10 0.75 not sig. NA
Piura 5 NA not sig. NA
Puno 16 0.65 0.74 NA
San Martin 77 0.61 0.48 0.38
Ucayali 14 0.72 0.76 not sig.
Amazon Region ρ 365 0.46 0.18 0.31
3.2. Spatial Associations between Deforestation and Areas Cultivated with Cacao, Coffee, and
Oil Palm
The global bivariate Moran’s index values for deforestation and cacao (0.118), coffee
(0.03), and oil palm (0.17) cultivation confirm low to moderate Amazon-level correlation
coefficients. Figure 5 highlights the districts that have significant local Moran’s indices
(p < 0.05) for different associations between deforestation and the production of the ana-
lyzed commodity crops. Table 2, meanwhile, shows the number of districts where these
spatial associations exist.
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Figure 5. Local Moran’s indices maps for the deforestati eas and the cultivated areas of cacao (a), coffee (b), and oil
palm (c) for the period between 2013 and 2018. District ith p-values < 0.05 are highl ted as follows: Red repr sents
districts with high values of d forestation that are su ro by munic palities with high values for areas cultivated with
cacao, coffee, and oil palm (high- igh); blue represents icts with low values of de or station that are surrounded by
districts ith low values for areas cultivated with cacao, c ff e, and oil palm (low-low); light blue repr sents districts with
low values of deforestation that are surrounded by districts with hig values for areas cultivated with cacao, coffee, and oil
palm (low-high); and pink represents districts with high values of deforestation that are surrounded by districts with low
values for areas cultivated with cacao, coffee, and oil palm (high-low). Light grey represents locations with nonsignificant
(p > 0.05) local Moran’s statistics.
Table 2. Number of districts associated with the four different spatial associations between the
presence of deforestation and the production of cocoa, coffee, and oil palm.
Association Cacao Coffee Oil Palm
High deforestation-high crop production 22 10 15
High deforestatio -low crop production 14 29 49
Low deforestation-high crop production 17 30 5
Low deforestation-low crop production 69 44 -
Not significant 243 252 296
The spatial clusters with high-high associations (red in Figure 5) denote districts with
statistically significant high values of deforestation that are surrounded by districts with
high values for the production of the analyzed commodities. The highest number of high-
high associations was related to cacao production (22 districts). These districts are located in
the Peruvian Amazon’s northern (nine in San Martin and Amazonas), central (nine in Junin,
Huanuco, and Ucayali), and southern (four in Cuzco and Madre de Dios) depart ents.
High-high associations related to coffee pro tion were mainly identified in the entral
(five in Juní ) and souther (four in Cuzco a d Madre de Dios) departme ts. High-high
associations related to oil palm production were identified within four departments: San
Martín (six) and Loreto (four) in the north, and Huánuco (three) and Ucayali (two) in
the center.
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The spatial clusters with high-low associations (pink in Figure 5) denote districts
with high values of deforestation that are surrounded by districts with low values for the
production of the analyzed crops. Most districts with high-low associations are distributed
within the Loreto department in the country’s north. This is particularly striking in the
cases of coffee (21 of 29 districts) and cacao (all 14 districts) production. In the case of oil
palm production, districts with high-low associations are more widely distributed, with a
predominance within the Loreto (16 of 49 districts) and Madre de Dios (eight) departments.
The spatial clusters with low-high associations (light blue in Figure 5) denote districts
with low values for the deforestation areas that are surrounded by districts with high
values for the production of the analyzed crops. Districts with low-high associations are
geographically dispersed. In the case of cacao and coffee production, low-high associations
exist within the northern districts. Low-high associations linked to oil palm production are
limited to five districts in the center of the Peruvian Amazon, specifically within the San
Martín, Ucayali, Huánuco, and La Libertad departments.
The spatial clusters with low-low associations (dark blue in Figure 5) denote districts
with low values for the deforestation areas that are surrounded by districts with low values
for the analyzed crops. Low-low associations related to cacao and coffee production exist
in several districts in Loreto, in Peru’s northeast. They are also prominent in the Amazonas
department in the country’s north: Low-low associations related to cacao production exist
in 43 of the 69 districts of Amazonas, and those related to coffee exist in 20 districts.
3.3. Scenarios under Which ZDSC Initiatives May Operate in Peru
On the basis of the above spatial associations, we propose four scenarios under which
ZDSC initiatives may or may not operate in Peru, which we summarize in Figure 6. The
first scenario describes a situation with a high degree of both deforestation and commodity
crop production (high-high). Here, commodity crop production could be directly or
indirectly part of land use transitions that cause deforestation. This scenario represents
potential areas of interest for implementing ZDSC interventions because deforestation in
these districts geographically overlaps with commodity production. The second scenario
describes a situation with a high degree of deforestation and a low, or nonexistent, degree of
commodity crop production (high-low). Here, commodity crop production may not drive
deforestation, but other land uses and processes do. This scenario represents potential
areas of interest for promoting deforestation-free agricultural production, improving the
use of previously deforested lands, and avoiding the future conversion of forest areas to
agricultural land. The third scenario describes a situation with a low degree of deforestation
and a high degree of commodity crop production (low-high). Here, agriculture has yet
to expand into forest areas, but high commodity crop production could pose a risk to
intact or remaining forests in the foreseeable future, particularly in regions where such
production exists near large tracts of unprotected forest areas. This scenario represents
potential areas for sourcing deforestation-free commodities because low deforestation
in these districts geographically overlaps with commodity crop production. The fourth
scenario describes a situation with a low degree of both deforestation and commodity crop
production (low-low).
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Figure 6. Possible scenarios for the application of ZDSC interventions.
4. Discussion
4.1. Spatial Associations between Deforestation and Cacao, Coffee, and Oil Palm Production
The results indicate different and geographically dispersed spatial associations be-
tween def restation and cacao, coffee, and oil palm production, as estimated by the average
deforested areas and the average cultivation areas for each commodity crop, both for the
period between 2013 and 2018 in Peru. Amazon- and department-level Spearman’s rank
correlations indic te spatial associations between deforestati n and the production area
of the analyzed crops, which are concentrated within specific Peruvian departments. The
bivariate Moran’s index values show the local patterns of such spatial associations. Al-
though Amazon-level correlations between deforestation and cacao, coffee, and oil palm
produc ion are low to moderate, correlations at the departm nt level, and the M ran’s index
values, highlight significant associations between some of Peru’s deforestation hotspots
and higher-than-average commodity crop production, for instance, cacao in San Martín,
coffee in Cusco, and oil palm in Ucayali. These associations, however, are located in
specific districts. Local Moran maps for defor station and the cultivated are s of the
three commodity crops indicate that, depending on the district, deforestation could be:
(1) high, where there is high commodity crop production (high-high); (2) high, where there
is low commodity crop production (high-low); (3) low, where there is high commodity
crop production (low-high); or (4) low, where there is low c mmod ty crop production
(low-low).
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4.2. Scenarios Where ZDSC Initiatives May Operate in Peru
On the basis of this paper’s results, we argue that ZDSC initiatives may have a role
under the high-high, high-low, and low-high scenarios. In contrast, under the low-low
scenario, it may be strategic to create and maintain natural protected areas, setting con-
servation targets with local communities and establishing carbon markets to compensate
for avoided deforestation from low-opportunity-cost agriculture [42,43]. Our arguments
align with those derived from a recent global-level spatial assessment recommending
adjustments to zero-deforestation commitments so that they do not leave behind any
forest area where deforestation is not tied to international markets with high consumer
awareness [31]. As the relation between commodities and deforestation differs between
sites and crops, a more customized approach in the application of ZDSC may be required.
A similar spatial analysis conducted in Colombia with cacao production also suggests
the need for tailored zero-deforestation efforts because of the lack of a strong association
between cacao production and deforestation there [22]. These spatial assessments highlight
the need to have a greater understanding of spatial associations between deforestation
and commodity production in order to determine where ZDSC interventions would be
effective and combine them with other instruments to maximize zero-deforestation efforts.
Under the high-high scenario, ZDSC initiatives can play a clear role when deforesta-
tion is tied to international markets with high consumer awareness. Under this scenario,
ZDSC commitments could require parties to provide commodity traceability and agree-
ments to have sanctions imposed when breaking such commitments. Some researchers
have proposed harsh sanctions for erring suppliers, such as excluding their participation
in supply chains or limiting their access to markets [5,30,44,45]. Yet, alternatives to volun-
tary compliance through accessing premium markets may result in positive incentives for
greater engagement [19,46]. For companies whose supply chains directly drive deforesta-
tion, but that choose not to join ZDSC initiatives, the state could introduce regulations to
compel these companies to address the damage their supply chains have done to forests.
Scholars have underscored such function of the state in order to ensure the sustainability
of value chains [47,48]. Indeed, Peru can impose penalties under the Forest and Wildlife
Law, which prohibits changing the use of land classified as a forest area to agriculture. It
has done so against those that have cleared forest areas in Ucayali to produce oil palm [49].
For regulations to be enforced, however, effective monitoring mechanisms need to be in
place in order to provide evidence against erring companies [50].
Under the high-low scenario, the role of ZDSC initiatives is not as straightforward
as in the first scenario, particularly if deforestation is tied to domestic markets with low
consumer awareness rather than to international markets. They could, nevertheless, help
institutionalize the adoption of sustainable land use along the supply chain. This will
require a detailed understanding of what drives deforestation. In Peru, this was the most
common scenario, and it may be indicative of the disenfranchised nature of livelihood
activities and subsistence agriculture in the country. One option for Peru is to couple
ZDSC interventions with policies that promote sustainable agricultural production, such
as agroforestry cacao, as a substitute for deforestation-causing livelihoods. Determining
the approach’s unintended effects, such as leakage, warrants further investigation.
Under the low-high scenario, the role of ZDSC initiatives is also less clear, compared
to the first, but could help limit deforestation, such as when parties agree to reward com-
modity producers who do not deforest. Peru may opt to blend ZDSC initiatives with
carbon markets, premium market access, and funding mechanisms in order to incentivize
actions against future deforestation [19,46], as well as with the provision of nonmone-
tary incentives, such as technical assistance and information access [5,14]. Because such
producers potentially already meet zero-deforestation criteria, they could obtain benefits
from engaging in ZDSC initiatives without making substantial changes to their production
practices and, thus, undermine the purpose of such initiatives [20,51].
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4.3. Additional Factors That ZDSC Interventions Need to Consider
The proposed scenarios exclude factors that may influence the above-mentioned spa-
tial associations, including the presence of natural protected areas, REDD+ projects, land
use policies, and existing ZDSC interventions. Other factors could be related to illegal prac-
tices and human displacement, or migration from urban areas to the countryside. Further
survey-based and participatory research, as well as policy analyses that complement the
results of existing satellite and geospatial analyses, can improve our findings given that
executing some of the interventions needs to consider local realities, including the legal
framework surrounding temporal land use trends [52].
In Peru’s case, the law prohibits agricultural production on land classified for forestry
use, such as oil palm monoculture, but the government can grant concession on the use
of such land for agroforestry systems, such as agroforestry cacao. Moreover, the data
indicate that the production and consumption of agricultural and forest commodities
linked to the domestic market pose a far greater deforestation risk than that of those
linked to the international market [36]. Moreover, public sector and civil society discourses
have pointed to small-scale low-opportunity-cost agriculture, rather than agricultural
commodity production, as the main driver of deforestation in Peru overall [37]. However,
evidence indicates that commercial agriculture causes significant deforestation, but in a
localized manner [53].
For instance, recently released maps show massive deforestation linked to the cacao
monocultures of United Cacao in Loreto, and monoculture oil palm plantations, including
those attached to two awards from Grupo Palmas, in Loreto and Ucayali [54]. Another
strategy pursued by companies, or other wealthy actors, is to engage in deforestation [55]
with the intention to subsequently grab the land, or lease the cleared land, for commod-
ity production [56]. This, in turn, may promote further land clearing, challenging zero-
deforestation efforts. For instance, in the Colombian Amazon, migrant farmers establish
“growth coalitions” with well-capitalized and organized actors, such as drug traffickers
and armed groups, to produce illicit crops in remote forested areas. Returns from coca
leaf production are then reinvested in deforestation activities to further expand the forest
frontier [57]. A further examination of the interactions between smallholder commodity
producers and enterprise-driven agriculture will be needed in order to evaluate if similar
mechanisms apply to Peru.
The department of San Martín, in the north of Peru, exemplifies some of the complexi-
ties between commodity production and deforestation that prevail throughout the Peruvian
Amazon. Deforestation rates in San Martín have remained consistently high during the
past 15 years. The literature points to a broad range of deforestation drivers, some of which
are associated with commodity agriculture, including coffee production [58], the expansion
of oil palm plantations [53], and cacao production [59]. While our analysis confirms that
the production of these commodities exists in San Martín, we find less conclusive evidence
of their linkages with deforestation across the department. For instance, about 35,000
households are known to engage in coffee farming on an area of approximately 90,000
hectares [60], which could be expected to result in extensive pressure on forests. However,
the outcomes of our spatial analyses show that, throughout San Martín, the production of
coffee is not significantly associated with deforestation. Possibly, the coffee certification
programs that are currently running in San Martín [61] incentivize farmers to operate on
previously deforested lands. However, additional analyses, which are beyond the scope of
this study, would be needed to confirm this.
In a similar manner, palm oil production has become more prominent in San Martín [62],
but our analysis shows that significant associations with deforestation are also found in
certain districts of the departments of Huánuco, Loreto, and Ucayali. Similarly, cacao pro-
duction is prominent in certain districts in the departments of Ayacucho, Cuzco, Huánuco
Junín, San Martín, and Ucayali. However, as both palm oil and cacao have been promoted
as an alternative to coca cultivation [27], farmers may be turning other land use areas, such
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as coca plantations or pastures, into oil palm and cacao plantations, which might be an
explanation for the weak links with deforestation in some locations.
4.4. Incorporating Concepts from the GVC Literature
Our study affirms the need to understand what causes deforestation at the jurisdic-
tional or landscape scale in order to inform the mix of approaches and policy instruments
to use for forest conservation. It might mean rethinking policy frameworks. Furthermore,
the lack of homogeneity across commodities, regions, and institutional conditions points to
challenges with regard to the definition of a reference date against which zero-deforestation
initiatives would be designed, implemented, and assessed [5]. This lack of homogeneity
also emphasizes the need for tailoring global goals and narratives to local contexts, as
pointed out by others [5,19,30]. Where forests are indeed being replaced by specific com-
modities, the geographical targeting of supply chain initiatives could provide a means
to stimulate the uptake of deforestation-free production practices [30]. In areas where
deforestation-commodity relations are less straightforward, a better understanding of
where, by whom, and for what reasons commodities are produced, and what types of land
they replace, will be needed to guide the design of alternative modes of intervention.
Peru’s policy frameworks mainly focus on addressing deforestation due to both
agricultural production for the global market, and low-opportunity-cost agriculture, but
not so much on addressing deforestation connected with the domestic market. By verifying
the associations between deforestation and agricultural commodity production within a
particular context, stakeholders can maximize the benefits of their efforts of combining
ZDSC and REDD+ interventions. Some on-the-ground initiatives have already done so.
For instance, stakeholders of the cocoa and palm oil supply chains in Ucayali, Peru, have
developed action plans that define opportunities along those supply chains and propose
business models that promote deforestation-free oil palm production and a reduction in
greenhouse gas emissions. They have done this through understanding the legal context
for land use, and the links between commodity production and deforestation [63,64].
Our study likewise signals the need to broaden the perspective of the current strate-
gies to ensure the success of zero-deforestation efforts by incorporating concepts from the
GVC literature. On-the-ground initiatives in Peru, for instance, involve actions that align
with the literature’s notions of governance and upgrading. The collaborative atmosphere
under which the parties to the Coalition for Sustainable Production [65] have designed
and implemented zero-deforestation interventions reflects a principle of public orches-
tration, a tool through which governments and intergovernmental organizations ensure
the sustainable governance of value chains [47]. The above-mentioned zero-deforestation
initiatives in Ucayali, Peru, promote sustainable business operations along the cocoa and
palm oil supply chains that aim to upgrade actors, both economically, by increasing their
competitiveness, and environmentally, by reducing their ecological footprint [23,65].
4.5. Limitations of the Methodology
The methods presented in this study followed a three-step approach to understanding
deforestation-commodity relations at different spatial scales, whereby we narrowed down
Peruvian Amazon-wide correlations to the subnational and district levels. Ideally, high-
resolution crop and deforestation data should be used to better examine these relationships,
but remote sensing datasets that can identify agricultural land uses for the entire Peruvian
Amazon are currently not available. Alternatively, we obtained official survey-based crop
datasets from the Peruvian Ministry of Agriculture, or MINAGRI, along with deforestation
data, at the district level, from Peru’s Ministry of the Environment, or MINAM. The use
of these relatively coarse datasets may have influenced our results to some extent. To
our knowledge, however, they are the finest available. We also noticed that the overall
deforestation and crop production patterns are in general agreement with the literature
and public information. Despite this, the outcomes of this study provide novel insights for
overcoming barriers to zero deforestation in the context of unclear deforestation-commodity
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relations. More specifically, reducing tropical deforestation requires a range of approaches
and policies that are customized to respond to the complexity and dynamism of the drivers
of deforestation at the landscape level [30].
5. Conclusions
Most ZDSC initiatives tend to focus on forest loss attached to large-scale commercial
agriculture, aligning with global narratives around what drives deforestation. These
initiatives can benefit from encompassing other factors that influence forest cover and
addressing the risks to achieving the desired outcome, for instance, leakage due to the
exclusion of erring producers who may also be essential to zero-deforestation efforts,
such as smallholders and indigenous communities. By identifying associations between
deforestation and agricultural commodity production in a particular area, the stakeholders
of zero-deforestation initiatives can design interventions that are tailored to regions where
agricultural commodity production does cause deforestation. This may then prevent
leakage into areas where the agricultural commodity production does not yet cause, or is
not causing, significant damage to the forest. Furthermore, blending these initiatives with
policy instruments, such as REDD+, and broadening their perspective by adopting a GVC
lens can maximize the benefits. All these, in turn, will help ensure that zero-deforestation
initiatives will not leave any forest area behind.
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